ACCORDING to the permeability hypothesis of insulin action in muscle, insulin increases glucose uptake by accelerating its entry into the muscle cell (Levine and Goldstein, 1955; Park et al., 1955; Park and Johnson, 1955). While there is much experimental evidence to support this hypothesis nothing has been known of the processes which restrict the entry of glucose into muscle cells under normal conditions or of the mechanism of this effect of insulin. We have shown elsewhere that the uptake of glucose by isolated rat diaphragm muscle, incubated in a medium buffered with bicarbonate, is increased by anoxia and by 2:4-dinitrophenol, sodium arsenite, sodium cyanide or sodium salicylate, as well as by insulin (Randle, 1956; Randle and Smith, 1957; Manchester et al., 1958) . Each of these factors, except insulin, is known to inhibit the production of energy-rich phosphate compounds by respiration (oxidative phosphorylation). These observations therefore led us to suggest that energy-rich phosphate compounds are required for the process which restricts the entry of glucose into muscle cells of isolated diaphragm under basal conditions (Randle and Smith, 1957).
insulin (Randle, 1956; Randle and Smith, 1957; Manchester et al., 1958) . Each of these factors, except insulin, is known to inhibit the production of energy-rich phosphate compounds by respiration (oxidative phosphorylation). These observations therefore led us to suggest that energy-rich phosphate compounds are required for the process which restricts the entry of glucose into muscle cells of isolated diaphragm under basal conditions (Randle and Smith, 1957) .
In an attempt to obtain more direct evidence for this suggestion we have studied the effect of each of these factors on the accumulation of two sugars, D-glucOse and D-xylose in isolated rat diaphragm. The accumulation of xylose was studied in addition to the accumulation of glucose because, unlike glucose, xylose is not appreciably metabolized by isolated diaphragm (Kipnis and Cori, 1957) . Since glucose is metabolized by diaphragm its accumulation is affected both by the rate of entry into the muscle and by the rate of utilization within the muscle. On the other hand the accumulation of xylose in diaphragm depends only on the rate at which it enters the muscle.
The experiments were carried out with a diaphragm preparation described by Kipnis and Cori (1957) in which no muscle fibres are cut. Diaphragm was incubated for one hour in a bicarbonate-buffered medium containing glucose or glucose + xylose. After incubation the concentration of glucose or xylose in both muscle and medium was determined and the glucose or xylose space calculated. The glucose or xylose space is that fraction of the volume of a tissue containing fluid of the same specific gravity and sugar content as the incubation medium. To interpret these results in terms of the distribution of the sugar between extracellular and intracellular water, the glucose or xylose space is compared with the volume of extracellular fluid. Free sugar is deemed to be present in intracellular water only if the glucose or xylose space exceeds the volume of extracellular fluid. The volume of extracellular fluid was determined in these experiments by measuring the space occupied by inulin or thiosulphate, substances which are generally held to be confined to extracellular water under normal conditions. Under basal conditions free glucose in diaphragm was found to be confined to extracellular water (cf. Park et al., 1955) . When insulin, cyanide or salicylate was present or oxygen excluded glucose uptake increased, but free glucose remained confined to extracellular water. These observations suggest either that the rate of utilization of glucose within the cell proceeds at a much faster rate than the entry of glucose into the cell such that no free glucose accumulates, or alternatively that glucose does not enter the cell as the free sugar. When arsenite or 2 : 4-dinitrophenol was present glucose uptake increased but some free glucose accumulated in intracellular water. When fluoride was included in addition to 2 : 4-dinitrophenol, in order to inhibit utilization of glucose, still more glucose accumulated in intracellular water. Thus unless glucose enters by an abnormal process in the presence of arsenite, dinitrophenol or fluoride it would appear that glucose does enter intracellular water as the free sugar but that it may only be detected in intracellular water when its utilization within the muscle cell has become rate-limiting.
A small amount of xylose entered intracellular water when diaphragm was incubated under basal conditions. The penetration of diaphragm by xylose was found to be rapid and almost all the xylose which accumulated during one hour of incubation entered the muscle during the first ten minutes. This suggests that there is some barrier within the muscle cell which confines xylose to a small fraction (10-1 5%) of the intracellular water under basal conditions. In the presence of insulin, 2: 4-dinitrophenol, sodium arsenite, cyanide or salicylate or in the absence of oxygen further accumulation of xylose occurs and the sugar comes into equilibrium with 40-80% of intracellular water.
These observations are compatible with the views that the uptake of glucose by muscle is limited by the rate of entry of glucose into the muscle cell and that insulin, anoxia or substances which inhibit oxidative phosphorylation increase glucose uptake by speeding its entry into the cell. They also appear to show that the sugar xylose is confined to a small fraction of the volume of extracellular water under basal conditions by a process dependent upon energy-rich phosphate. Although no direct evidence has been obtained on this point it would nevertheless seem reasonable to conclude that glucose is similarly confined to a small fraction of the volume of intracellular water under basal conditions. Insulin does not inhibit oxidative phosphorylation (Stadie, 1954) and the mechanism of its effect on glucose uptake is therefore likely to differ from that of factors which do inhibit oxidative phosphorylation. One possibility is that insulin may act by restricting the access of energy-rich phosphate to a process concerned with the regulation of glucose entry.
It has been shown in the present investigation that salicylate, like insulin, increases the uptake of glucose by isolated diaphragm and promotes the entry of xylose into the cells of diaphragm. Salicylate is known to reduce glycosuria and lower blood sugar in diabetic patients (Reid et al., 1957) and in several forms of experimental diabetes (Ingle, 1950; Smith, 1952; Smith et al., 1952) . The present observations suggest that salicylate may exert its. antidiabetic effect by increasing the utilization of glucose by muscle.
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Results.-In a series of women without hirsutism or adrenal dysfunction, steroid excretions on the third day of stimulation were found to be 17-OHCS < 120 mg./24 hr.; 17-KS <45 mg.
(21 patients); PD <10 mg. and PT<5 mg./24 hr. (13 patients). The results in the hirsute women are shown in Fig. 1 . The maximum excretion of 17-OHCS exceeded the normal range in 15 patients, of 17-KS in 24, of PD in 9 and of PT in 6 patients.
CORTICOTROPHIN GEL STIMULATION TEST
Hirsute womer. The patients have been divided into four clinical groups: gross hirsutism starting during adolescence-19 patients, of whom 12 were obese (Group I) and 7 thin (Group II); gross hirsutism starting after pregnancy-8 patients all of whom were obese (Group III); and 6 obese patients with moderate hirsutism (Group IV). The results of the corticotrophin stimulation tests in the various groups may be summarized as follows (the numbers in brackets are the total number in each category): Comment.-Abnormal urinary 17-KS excretion, either resting or following stimulation was anticipated in a proportion of these hirsute patients but the increased response of 17-OHCS, PD and PT was rather surprising.
17-OHCS excretion on the third day of corticotrophin was abnormal in 15 patients ranging from mg./24 hr. It has not been possible to make any detailed study of the steroids measured but in a few cases 17-ketogenic steroids (17-KGS) and 17-hydroxycorticoids (17-OHs) have been measured by modifications of the methods of Norymberski et al. (1953) The increased excretion of 17-OHCS following corticotrophin might be associated with obesity rather than hirsutism. Poisnick and Di Raimondo (1956) have reported that obese women have an increased response to corticotrophin but they found that the resting 17-OHCS excretion was at the upper limit of normal and the ratio Stimulated: Resting steroid output was not increased. In our study 32 normal subjects gave a ratio 6-3 ±1 64, whereas in 26 hirsute obese women it was 10-1 +3-86. In the 7 non-obese hirsute patients the mean ratio was 6-8, and in 4 obese non-hirsute ones 6-5. 0: 0 -Increased excretion of PD and PT only occurred in association with an abnormal response of 17-OHCS and does not suggest the presence of a metabolic block. The increase probably represents an overflow into the circulation and urine of metabolites of intermediaries in the synthesis of 17-OHCS.
One purpose of this study was to determine whether an adrenal abnormality could be demonstrated in any hirsute women whose resting 17-KS excretion (quantitatively and qualitatively) was within normal limits. The results are summarized in the following An adrenal abnormality was demonstrated in 27 of the 33 patients, in 11 it was only detected by the corticotrophin test. This does not mean that the hirsutism is of adrenal origin and the disappointing results of adrenalectomy and adrenal suppression might make such an assumption appear unjustified. It is possible that in these cases the hirsutism is initiated by an abnormality of adrenal function but that after a time the hair follicles become independent of continued hormonal stimulation. Adrenal suppression would therefore have to be started as early as possible if it is to influence this distressing and common condition.
Summary.-Adrenal cortical stimulation tests have been performed on 33 hirsute women. An abnormal increase of the urinary 17-ketosteroids was found in 24 patients, of 17-hydroxycorticosteroids in 15, of urinary pregnanediol in 9 and of pregnanetriol in 6.
An adrenal abnormality was detected in 27 of the 33 women, in 11 the only evidence of this was an increased response in the corticotrophin test.
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give the result in terms of a standard.
In considering various clinical situations it is usual to think in terms of FSH and ICSH as distinct entities with distinct actions, and the concept of total gonadotrophin is of limited usefulness. The possibility of differentiating between the two gonadotrophins in urinary extracts was therefore investigated.
The methods used for the extraction and measurement of urinary gonadotrophins have been described in detail elsewhere (Brown, 1955 (Brown, , 1956 . Two methods of assay are used and in both the extract is injected into immature female mice. In one assay the uterus is weighed and this is taken to measure total gonadotrophin as defined above. In the other assay an excess of human chorionic gonadotrophin (HCG) is injected at the same time as the extract and the ovaries are weighed. The excessive luteinizing effect of the HCG minimizes the effect of any ICSH in the extract and augments the response to FSH. The assay therefore measures mainly FSH and the specificity of such a method has been shown by Steelman and Pohley (1953) . In both assays a substandard to the M.R.C. reference substance is used. The assay of FSH, being relatively specific, gives a direct measure of this hormone and the assay of total gonadotrophin is used for comparison with this. From such a comparison the content of ICSH in the extract can be inferred. If the ratio of FSH to ICSH is the same in the unknown and the standard then the results of both assays will be the same. If the unknown is relatively deficient in FSH the potency estimated by the assay of total gonadotrophin will be higher than that estimated as FSH. If the unknown has relatively less ICSH the potency by the assay of FSH will be the higher. This may give the impression of the part being greater than the whole, but it must be realized that the two assays measure different things and the activity of the standard in one assay is not necessarily equivalent to its activity in the other. Table I is compiled from results of assays on material from non-pregnant patients with primary or secondary amenorrhoea: some of the results have been reported in detail elsewhere (Brown, 1956; Fletcher and Brown, 1957 ). Parallelism could be tested and was satisfactory in all the assays except a few in which the highest dose of unknown caused no response. In these cases the organ weight was shown to be significantly (P< -05) less than that of mice treated with the lowest dose of standard so that an upper limit could be set on the potency. The two assays were taken to show significantly different results when the 95 % fiducial limits did not overlap. Nine out of the 45 pairs of assays on extracts from these patients gave contrasting results by these criteria and in others there were differences which did not reach this high degree of significance. In 16 other instances the urinary gonadotrophins were compared by both methods before and during treatment with cortisone or oestrogen. In nearly a third of these instances the assays gave significantly different results, showing differences in response of the two gonadotrophins to the treatment. Thus in these clinical situations nearly a quarter of the pairs of assays gave more information than either assay would have done alone.
When the urinary gonadotrophins were studied during the normal menstrual cycle the two assays gave very different pictures, there being more than threefold differences in results at some stages of the cycle.
It is concluded that in the study of either pathological or physiological material the use of two methods of assay gives qualitative as well as quantitative information. If only total gonadotrophin is assayed the qualitative information will be lost and the result in some cases may be actually misleading. The two assays used in the present investigation are clinically practicable. The animals used and their manipulation are the same as in the older semi-quantitative assays. The number of animals required for the assay of total gonadotrophin may be only two or three times as many as are used in these older methods. The precision of the assay of FSH has recently been improved to the extent where a similar number of animals is needed. This has become possible by stricter selection of animals and the use of HCG prepared and standardized in the laboratory. I am very grateful to Dr. A. C. Crooke in relation to all aspects of this work, and to the Endowment Fund Medical Research Committee of the United Birmingham Hospitals for a grant.
